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Infrared Thermography as an Alternative Method for the Assessment of
Moisture Content Readings in a Porous Brick
Abstract
Many pre- to late-nineteenth century brick masonry structures encountered by conservation professionals are
constructed with hygroscopic, porous brick that has been attacked by the combination of moisture and salt.
The presence of these enabling factors of deterioration accelerates damage to a brick. Professionals need an
affordable nondestructive tool that does not require extensive calibrations to highlight dangerous levels of
moisture in the presence of soluble salts at a macroscopic scale prior to evident material loss. The infrared
camera has been proven to display a visual image of moisture anomalies in a brick wall, but quantification
requires spot readings with a moisture meter and accurate quantification requires sampling and laboratory
testing. This paper investigates whether an infrared camera can be used to quantitatively determine in situ
moisture content of a porous brick wall. In achieving this, a testing procedure was developed and performed
on thirty-two hand-molded colonial face brick cuboid samples conditioned to four equilibrium moisture
contents. The results of this test concluded that infrared thermography can distinguish different levels of
moisture content with the thermal images. Secondly, there exists a linear relationship between ∆T surface
center point and measured moisture content as well as a similar relationship between ∆T average surface and
measured moisture content when room %RH is lower than equilibrium %RH for the sample. The linear
relationship of measured moisture content and ∆T may be consulted for determining moisture content
readings in different ambient conditions; however, nearly saturated samples require further study.
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Number  Saturated Salt Solutions  Chemical Name  Rhsat.sol.  20°C  Rhsat.sol25°C 
I  Calcium Chloride  CaCl2  32  31 
II  Sodium Bromide  NaBr  59.1  57.6 
III  Potassium Chloride  KCl  85.1  84.3 












































































































































A1  177.76  212.73  121.60  34.97 
A2  169.85  202.46  115.99  32.61 
A3  178.08  213.18  120.76  35.10 
A4  170.85  202.22  114.94  31.37 
B1  174.93  208.67  122.10  33.74 
B2  169.78  203.12  118.00  33.34 
B3  173.18  207.25  122.28  34.07 
B4  169.62  201.64  118.76  32.02 
C1  178.92  213.77  122.19  34.85 
C2  169.86  203.57  116.49  33.71 
C3  177.59  213.43  121.94  35.84 
C4  170.45  203.8  117.05  33.35 
D1  177.24  213.37  121.94  36.13 
D2  167.60  202.43  115.41  34.83 
D3  176.66  213.16  120.40  36.50 
D4  171.47  205.75  117.38  34.28 
E1  176.53  212.01  122.14  35.48 
E2  168.09  201.96  115.41  33.87 
E3  178.04  214.5  122.31  36.46 
E4  170.23  203.99  116.55  33.76 
F1  169.35  202.69  116.64  33.34 
F2  177.22  212.84  121.53  35.62 
F3  166.50  199.47  114.46  32.97 
F4  176.32  210.3  120.57  33.98 
G1  170.43  205.86  117.77  35.43 
G2  177.34  214.78  123.00  37.44 
G3  171.13  207.71  120.49  36.58 
G4  175.29  212.01  122.18  36.72 
H1  175.80  211.57  122.77  35.77 
H2  166.58  199.6  115.58  33.02 
H3  167.56  201.84  117.27  34.28 
H4  174.78  209.67  122.29  34.89 
Average  172.97  207.54  119.32  34.57 
Standard 


































J1  170.05  200.25  116.96  30.20  0.18  17.76  25.82 
J2  174.71  206.46  122.61  31.75  0.18  18.17  25.90 
J3  169.12  199.13  122.09  30.01  0.18  17.74  24.58 











































































































I  32  0.09 ± 0.01  33.15 ± 0.9 
II  59.1  0.18 ± 0.02  58.2 ± 0.85 
III  85.1  0.71 ± 0.02  82.65 ± 0.64 












































Thermal Images for Bricks A-H
A1-I B1-I C1-I D1-I E1-I F1-I G1-I
H2-IIB2-II C2-II D2-II E2-II F2-II G2-II
H3-IIIA3-III B3-III C3-III D3-III E3-III F3-III G3-III
H4-IVA4-IV B4-IV C4-IV D4-IV E4-IV F4-IV G4-IV
22.6°C 28.1°C
A2-II
Date:   4/11/14 
Sample Time:   9:26- 10:24 PM
            Average Room Temperature:   24.86 °C ± 0.07





























I  32  0.07 ± 0.01  33.15 ± 0.9 
II  59.1  0.16± 0.01  58.2 ± 0.85 
III  85.1  0.68± 0.02  82.65 ± 0.64 










































Thermal Images for Bricks A-H
Date:   4/12/14 
Sample Time:   12:43-1:56 PM
            Average Room Temperature:   24.86°C ± 0.12
            ??????????????????????????????   28.57% ± 0.66
A1-I B1-I C1-I D1-I E1-I F1-I G1-I
H2-IIB2-II C2-II D2-II E2-II F2-II G2-II
H3-IIIA3-III B3-III C3-III D3-III E3-III F3-III G3-III


































I  32  0.04 ± 0.01  39.80 ± 0.57 
II  59.1  0.12 ± 0.01  64.0 ± 1.12 
III  85.1  0.59 ± 0.02  88.84 ± 0.34 












































Thermal Images for Bricks A-H
Date:   4/14/14 
Sample Time:   7:15 - 8:10 AM
            Average Room Temperature:   26.11°C ± 0.12
            ??????????????????????????????   45.02% ± 0.09
A1-I B1-I C1-I D1-I E1-I F1-I G1-I
H2-IIB2-II C2-II D2-II E2-II F2-II G2-II
H3-IIIA3-III B3-III C3-III D3-III E3-III F3-III G3-III






























I  32  0.03 ± 0.01  39.80 ± 0.57 
II  59.1  0.10 ± 0.01  64.0 ± 1.12 
III  85.1  0.53± 0.03  88.84 ± 0.34 

















I  32  0.02 ± 0.01  29.35 ± 1.77 
II  59.1  0.08 ± 0.01  50.8 ± 1.27 
III  85.1  0.48 ± 0.03  76.7 ± 1.63 






































Thermal Images for Bricks A-H
Date:   4/15/14 
Sample Time:   9:57-10:55 AM
            Average Room Temperature:   22.82°C ± 0.06
            ??????????????????????????????   58.23% ± 0.16
A1-I B1-I C1-I D1-I E1-I F1-I G1-I
H2-IIB2-II C2-II D2-II E2-II F2-II G2-II
H3-IIIA3-III B3-III C3-III D3-III E3-III F3-III G3-III
















































Thermal Images for Bricks A-H
Date:   4/16/14 
Sample Time:   10:33-11:17 AM
            Average Room Temperature:   22.90°C ± 0.05
            ??????????????????????????????   19.15% ± 0.21
A1-I B1-I C1-I D1-I E1-I F1-I G1-I
H2-IIB2-II C2-II D2-II E2-II F2-II G2-II
H3-IIIA3-III B3-III C3-III D3-III E3-III F3-III G3-III






































Thermal Images for Bricks A-H
A1-I B1-I C1-I D1-I E1-I F1-I G1-I
H2-IIB2-II C2-II D2-II E2-II F2-II G2-II
H3-IIIA3-III B3-III C3-III D3-III E3-III F3-III G3-III
H4-IVA4-IV B4-IV C4-IV D4-IV E4-IV F4-IV G4-IV
19.6°C 25.1°C
A2-II
Date:   4/17/14 
Sample Time:   9:49- 10:55 AM
            Average Room Temperature:   21.17 °C ± 0.08
























I  32  0.02 ± 0.01  36.40 ± 3.11 
II  59.1  0.08 ± 0.01  58.65 ± 3.20 
III  85.1  0.48 ± 0.03  80.05 ± 0.35 
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38.66 %RHroom  ±  0.21%
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y = 0.8492x - 0.3083
y = 0.5892x - 0.2222
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-1.50 -1.00 - 05.200.205.100.105.000.005.0
y = 0.7925x-0.2037
y = 0.5433x - 0.265
y = 0.5255x - 0.2582
Figure 7 10: Graphical analysis of data 
????????????? ??????????????????????
center point surface temperature sub-
tracted from the room temperature.
Figure 7 11: Graphical analysis of data 
????????????? ??????????????????????
center point surface temperature sub-




















































































































































































































































































































































































Sample  L  W  H  Volume 
A1  5.03  4.58  5.27  121.60 
A2  5.03  4.33  5.33  115.99 
A3  5.00  4.55  5.31  120.76 
A4  5.02  4.32  5.30  114.94 
B1  5.02  4.58  5.31  122.10 
B2  5.00  4.43  5.32  118.00 
B3  5.02  4.59  5.31  122.28 
B4  4.97  4.49  5.32  118.76 
C1  5.04  4.58  5.29  122.19 
C2  5.02  4.37  5.30  116.49 
C3  5.02  4.58  5.31  121.94 
C4  5.00  4.41  5.31  117.05 
D1  5.03  4.56  5.31  121.94 
D2  5.00  4.35  5.31  115.41 
D3  5.00  4.55  5.29  120.40 
D4  5.03  4.39  5.32  117.38 
E1  5.02  4.59  5.31  122.14 
E2  5.02  4.33  5.31  115.41 
E3  5.01  4.59  5.32  122.31 
E4  5.03  4.35  5.32  116.55 
F1  5.04  4.33  5.34  116.64 
F2  5.01  4.56  5.32  121.53 
F3  4.99  4.31  5.32  114.46 
F4  5.00  4.58  5.27  120.57 
G1  5.02  4.41  5.32  117.77 
G2  5.03  4.60  5.32  123.00 
G3  5.01  4.49  5.36  120.49 
G4  5.02  4.57  5.32  122.18 
H1  5.03  4.58  5.32  122.77 
H2  5.01  4.36  5.29  115.58 
H3  5.02  4.37  5.34  117.27 
H4  5.02  4.58  5.32  122.29 
AVG DIM  5.02  4.48  5.31  119.32 







Time Time (Hrs) J1 J2 J3 J4 J1 J2 J3 J4 SQT Time J1 J2 J3 J4
0 0.00 170.05 174.71 169.12 175.11 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.5 0.01 184.68 190.12 182.60 191.39 14.63 15.41 13.48 16.28 0.09 0.12 0.13 0.11 0.14
1 0.02 190.26 195.00 187.06 195.71 20.21 20.29 17.94 20.60 0.13 0.17 0.17 0.15 0.17
1.5 0.03 194.15 199.92 190.88 199.79 24.10 25.21 21.76 24.68 0.16 0.20 0.21 0.18 0.21
2 0.03 196.84 202.13 193.59 202.37 26.79 27.42 24.47 27.26 0.18 0.22 0.23 0.21 0.23
2.5 0.04 197.49 202.91 193.65 203.21 27.44 28.20 24.53 28.10 0.20 0.23 0.24 0.21 0.24
3 0.05 197.57 203.15 193.71 203.42 27.52 28.44 24.59 28.31 0.22 0.23 0.24 0.21 0.24
3.5 0.06 197.72 203.35 193.70 203.58 27.67 28.64 24.58 28.47 0.24 0.23 0.24 0.21 0.24
4 0.07 197.75 203.41 195.48 203.66 27.70 28.70 26.36 28.55 0.26 0.23 0.24 0.22 0.24
4.5 0.08 197.81 203.50 195.66 203.76 27.76 28.79 26.54 28.65 0.27 0.23 0.24 0.22 0.24
5 0.08 197.9 203.54 196.19 203.78 27.85 28.83 27.07 28.67 0.29 0.23 0.24 0.23 0.24
6 0.10 197.87 203.66 196.18 203.80 27.82 28.95 27.06 28.69 0.32 0.23 0.24 0.23 0.24
7 0.12 197.89 203.65 196.15 203.82 27.84 28.94 27.03 28.71 0.34 0.23 0.24 0.23 0.24
8 0.13 197.96 203.70 196.51 203.86 27.91 28.99 27.39 28.75 0.37 0.23 0.24 0.23 0.24
9 0.15 197.95 203.75 196.76 203.88 27.90 29.04 27.64 28.77 0.39 0.23 0.24 0.23 0.24
10 0.17 198.03 203.73 196.83 203.89 27.98 29.02 27.71 28.78 0.41 0.23 0.24 0.23 0.24
20 0.33 198.09 203.79 197.05 204.00 28.04 29.08 27.93 28.89 0.58 0.23 0.24 0.23 0.24
30 0.50 198.06 203.94 197.05 204.06 28.01 29.23 27.93 28.95 0.71 0.23 0.24 0.23 0.24
40 0.67 198.09 203.95 197.07 204.05 28.04 29.24 27.95 28.94 0.82 0.23 0.25 0.23 0.24
50 0.83 198.14 203.91 197.14 204.08 28.09 29.20 28.02 28.97 0.91 0.24 0.24 0.23 0.24
60 1.00 198.14 203.93 197.13 204.11 28.09 29.22 28.01 29.00 1.00 0.24 0.24 0.23 0.24
90 1.50 198.17 204.01 197.20 204.17 28.12 29.30 28.08 29.06 1.22 0.24 0.25 0.24 0.24
120 2.00 198.22 204.01 197.31 204.23 28.17 29.30 28.19 29.12 1.41 0.24 0.25 0.24 0.24
180 3.00 198.35 204.24 197.45 204.47 28.30 29.53 28.33 29.36 1.73 0.24 0.25 0.24 0.25
240 4.00 198.51 204.37 197.56 204.64 28.46 29.66 28.44 29.53 2.00 0.24 0.25 0.24 0.25





























A1 185.84 5.02 180.82 182.78 217.75 34.97 3.06 0.09 24.71 24.50 0.21 24.60 0.11 38.55 33.48 ?5.07
B1 182.77 5.18 177.59 180.11 213.85 33.74 2.66 0.08 24.73 24.50 0.23 24.60 0.13 38.52 33.48 ?5.04
C1 186.60 4.73 181.87 183.65 218.50 34.85 2.95 0.08 24.73 24.40 0.33 24.50 0.23 38.61 33.48 ?5.14
D1 185.19 4.85 180.34 182.09 218.22 36.13 3.10 0.09 24.76 24.40 0.36 24.50 0.25 38.49 33.48 ?5.01
E1 184.65 5.16 179.49 181.69 217.17 35.48 2.96 0.08 24.78 24.40 0.38 24.40 0.38 38.49 33.48 ?5.01
F1 176.48 4.74 171.74 174.09 207.43 33.34 2.39 0.07 24.78 24.30 0.48 24.30 0.48 38.55 33.48 ?5.08
G1 177.74 4.61 173.13 175.04 210.47 35.43 2.70 0.08 24.80 23.90 0.90 24.20 0.60 38.49 33.48 ?5.02
H1 184.69 4.71 179.98 180.51 216.28 35.77 4.18 0.12 24.83 23.90 0.93 24.00 0.83 38.49 33.48 ?5.02
A2 180.05 4.92 175.13 174.77 207.38 32.61 5.28 0.16 24.83 24.50 0.33 24.60 0.23 38.49 58.20 19.71
B2 180.14 4.92 175.22 174.70 208.04 33.34 5.44 0.16 24.83 24.40 0.43 24.40 0.43 38.49 58.20 19.71
C2 180.45 4.87 175.58 174.73 208.44 33.71 5.72 0.17 24.85 24.30 0.55 24.30 0.55 38.56 58.20 19.64
D2 178.56 4.95 173.61 172.55 207.38 34.83 6.01 0.17 24.85 24.10 0.75 24.20 0.65 38.50 58.20 19.71
E2 178.95 4.84 174.11 172.93 206.80 33.87 6.02 0.18 24.85 24.00 0.85 24.10 0.75 38.53 58.20 19.67
F2 188.76 4.63 184.13 181.85 217.47 35.62 6.91 0.19 24.88 23.90 0.98 24.00 0.88 38.53 58.20 19.67
G2 190.62 4.98 185.64 182.32 219.76 37.44 8.30 0.22 24.85 22.90 1.95 23.10 1.75 38.50 58.20 19.71
H2 177.89 5.08 172.81 171.66 204.68 33.02 6.23 0.19 24.88 23.60 1.28 23.80 1.08 38.56 58.20 19.64
A3 207.06 4.79 202.27 182.87 217.97 35.10 24.19 0.69 24.88 24.00 0.88 24.20 0.68 38.50 82.65 44.15
B3 201.65 4.88 196.77 178.06 212.13 34.07 23.59 0.69 24.90 23.80 1.10 23.90 1.00 38.57 82.65 44.08
C3 208.00 4.92 203.08 182.51 218.35 35.84 25.49 0.71 24.90 23.80 1.10 24.00 0.90 38.53 82.65 44.12
D3 207.69 4.94 202.75 181.60 218.10 36.50 26.09 0.71 24.92 23.70 1.22 23.90 1.02 38.60 82.65 44.05
E3 209.31 4.72 204.59 182.76 219.22 36.46 26.55 0.73 24.90 23.80 1.10 23.90 1.00 38.57 82.65 44.08
F3 194.25 4.64 189.61 171.14 204.11 32.97 23.11 0.70 24.92 23.50 1.42 23.80 1.12 38.63 82.65 44.02
G3 202.82 4.54 198.28 175.67 212.25 36.58 27.15 0.74 24.90 23.40 1.50 23.60 1.30 38.60 82.65 44.05
H3 197.57 5.05 192.52 172.61 206.89 34.28 24.96 0.73 24.90 23.20 1.70 23.30 1.60 38.80 82.65 43.85
A4 206.68 4.94 201.74 175.79 207.16 31.37 30.89 0.98 24.92 24.40 0.52 24.60 0.32 38.77 99.00 60.23
B4 205.89 4.69 201.20 174.31 206.33 32.02 31.58 0.99 24.92 24.50 0.42 24.70 0.22 38.96 99.00 60.04
C4 208.32 4.96 203.36 175.41 208.76 33.35 32.91 0.99 24.92 24.40 0.52 24.60 0.32 39.03 99.00 59.97
D4 210.54 5.20 205.34 176.67 210.95 34.28 33.87 0.99 24.92 24.10 0.82 24.40 0.52 39.10 99.00 59.90
E4 208.71 5.14 203.57 175.37 209.13 33.76 33.34 0.99 24.92 24.40 0.52 24.40 0.52 39.13 99.00 59.87
F4 214.90 5.06 209.84 181.38 215.36 33.98 33.52 0.99 24.95 24.40 0.55 24.40 0.55 38.97 99.00 60.03
G4 216.25 4.70 211.55 179.99 216.71 36.72 36.26 0.99 24.95 24.00 0.95 24.20 0.75 39.03 99.00 59.97































A1 185.41 5.02 180.39 217.75 182.78 34.97 2.63 0.08 24.63 24.30 0.33 24.50 0.13 30.13 33.15 3.02
B1 182.36 5.18 177.18 213.85 180.11 33.74 2.25 0.07 24.63 24.30 0.33 24.40 0.23 29.59 33.48 3.88
C1 186.18 4.73 181.45 218.50 183.65 34.85 2.53 0.07 24.66 24.20 0.46 24.30 0.36 29.60 33.48 3.88
D1 184.75 4.85 179.90 218.22 182.09 36.13 2.66 0.07 24.68 24.20 0.48 24.20 0.48 29.33 33.48 4.15
E1 184.23 5.16 179.07 217.17 181.69 35.48 2.54 0.07 24.68 24.00 0.68 24.20 0.48 29.39 33.48 4.08
F1 176.08 4.74 171.34 207.43 174.09 33.34 1.99 0.06 24.71 24.10 0.61 24.20 0.51 29.26 33.48 4.21
G1 177.32 4.61 172.71 210.47 175.04 35.43 2.28 0.06 24.71 24.20 0.51 24.20 0.51 29.33 33.48 4.15
H1 184.21 4.71 179.50 216.28 180.51 35.77 3.70 0.10 24.73 24.00 0.73 24.10 0.63 29.09 33.80 4.71
A2 179.44 4.92 174.52 207.38 174.77 32.61 4.67 0.14 24.76 24.10 0.65 24.30 0.45 29.03 57.60 28.57
B2 179.59 4.92 174.67 208.04 174.70 33.34 4.89 0.15 24.80 23.90 0.90 24.20 0.60 28.93 58.20 29.27
C2 179.82 4.87 174.95 208.44 174.73 33.71 5.09 0.15 24.83 23.90 0.93 24.10 0.73 28.93 58.20 29.27
D2 177.83 4.95 172.88 207.38 172.55 34.83 5.28 0.15 24.80 24.00 0.80 24.10 0.70 28.86 58.20 29.34
E2 178.22 4.84 173.38 206.80 172.93 33.87 5.29 0.16 24.83 23.90 0.93 24.10 0.73 28.73 58.20 29.47
F2 187.95 4.63 183.32 217.47 181.85 35.62 6.10 0.17 24.88 24.10 0.78 24.10 0.78 28.53 58.20 29.67
G2 189.25 4.98 184.27 219.76 182.32 37.44 6.93 0.19 24.90 23.60 1.30 23.70 1.20 28.63 58.20 29.57
H2 177.10 5.08 172.02 204.68 171.66 33.02 5.44 0.16 24.90 23.60 1.30 23.90 1.00 28.43 58.80 30.37
A3 205.86 4.79 201.07 217.97 182.87 35.10 22.99 0.65 24.92 23.50 1.42 23.80 1.12 28.33 82.20 53.87
B3 200.46 4.88 195.58 212.13 178.06 34.07 22.40 0.66 24.92 23.50 1.42 23.60 1.32 28.33 82.65 54.32
C3 206.75 4.92 201.83 218.35 182.51 35.84 24.24 0.68 24.92 23.30 1.62 23.50 1.42 28.23 82.65 54.42
D3 206.52 4.94 201.58 218.10 181.60 36.50 24.92 0.68 24.97 23.30 1.67 23.40 1.57 28.40 82.65 54.25
E3 208.14 4.72 203.42 219.22 182.76 36.46 25.38 0.70 24.97 23.20 1.77 23.40 1.57 28.16 82.65 54.49
F3 193.11 4.64 188.47 204.11 171.14 32.97 21.97 0.67 24.95 23.20 1.75 23.40 1.55 28.06 82.65 54.59
G3 201.70 4.54 197.16 212.25 175.67 36.58 26.03 0.71 24.97 23.00 1.97 23.30 1.67 28.20 82.65 54.45
H3 196.47 5.05 191.42 206.89 172.61 34.28 23.86 0.70 24.97 23.20 1.77 23.30 1.67 28.13 83.10 54.97
A4 206.49 4.94 201.55 207.16 175.79 31.37 30.70 0.98 24.97 24.30 0.67 24.50 0.47 27.99 99.00 71.01
B4 205.67 4.69 200.98 206.33 174.31 32.02 31.36 0.98 24.97 24.20 0.77 24.30 0.67 28.27 99.00 70.74
C4 208.10 4.96 203.14 208.76 175.41 33.35 32.69 0.98 24.95 24.10 0.85 24.20 0.75 28.20 99.00 70.81
D4 210.34 5.20 205.14 210.95 176.67 34.28 33.67 0.98 24.97 24.00 0.97 24.10 0.87 27.65 99.00 71.35
E4 208.51 5.14 203.37 209.13 175.37 33.76 33.14 0.98 24.95 23.90 1.05 24.00 0.95 27.58 99.00 71.42
F4 214.71 5.06 209.65 215.36 181.38 33.98 33.33 0.98 24.97 23.80 1.17 24.00 0.97 27.65 99.00 71.35

















A1 184.31 217.75 182.78 34.97 1.53 0.04 25.85 45.08 25.80 0.05
B1 181.32 213.85 180.11 33.74 1.21 0.04 25.87 45.15 25.80 0.07
C1 185.13 218.50 183.65 34.85 1.48 0.04 25.92 44.96 25.80 0.12
D1 183.68 218.22 182.09 36.13 1.59 0.04 25.97 45.03 25.70 0.27
E1 183.21 217.17 181.69 35.48 1.52 0.04 25.97 44.96 25.90 0.07
F1 175.10 207.43 174.09 33.34 1.01 0.03 25.99 44.97 25.80 0.19
G1 176.29 210.47 175.04 35.43 1.25 0.04 25.99 45.03 25.70 0.29
H1 183.03 216.28 180.51 35.77 2.52 0.07 26.02 45.00 25.90 0.12
A2 178.39 207.38 174.77 32.61 3.62 0.11 26.02 45.29 26.00 0.02
B2 178.37 208.04 174.70 33.34 3.67 0.11 26.04 44.97 25.90 0.14
C2 178.52 208.44 174.73 33.71 3.79 0.11 26.07 45.04 25.90 0.17
D2 176.36 207.38 172.55 34.83 3.81 0.11 26.07 45.11 25.60 0.47
E2 176.79 206.80 172.93 33.87 3.86 0.11 26.07 44.98 25.80 0.27
F2 186.49 217.47 181.85 35.62 4.64 0.13 26.09 44.98 25.90 0.19
G2 187.29 219.76 182.32 37.44 4.97 0.13 26.09 44.95 25.70 0.39
H2 175.63 204.68 171.66 33.02 3.97 0.12 26.12 45.01 25.70 0.41
A3 202.36 217.97 182.87 35.10 19.49 0.56 26.14 45.15 25.40 0.74
B3 197.02 212.13 178.06 34.07 18.96 0.56 26.16 44.99 25.30 0.86
C3 203.41 218.35 182.51 35.84 20.90 0.58 26.16 44.99 25.40 0.76
D3 203.04 218.10 181.60 36.50 21.44 0.59 26.19 44.99 25.20 0.99
E3 204.83 219.22 182.76 36.46 22.07 0.61 26.19 45.12 25.10 1.09
F3 189.99 204.11 171.14 32.97 18.85 0.57 26.21 44.99 25.30 0.91
G3 198.52 212.25 175.67 36.58 22.85 0.62 26.19 44.86 25.00 1.19
H3 193.33 206.89 172.61 34.28 20.72 0.60 26.21 44.99 25.00 1.21
A4 205.94 207.16 175.79 31.37 30.15 0.96 26.21 45.09 26.20 0.01
B4 205.09 206.33 174.31 32.02 30.78 0.96 26.21 44.99 26.00 0.21
C4 207.55 208.76 175.41 33.35 32.14 0.96 26.24 45.06 26.00 0.24
D4 209.77 210.95 176.67 34.28 33.10 0.97 26.26 45.06 25.80 0.46
E4 207.99 209.13 175.37 33.76 32.62 0.97 26.26 45.16 26.10 0.16
F4 214.19 215.36 181.38 33.98 32.81 0.97 26.29 45.00 25.90 0.39






























A1 183.76 5.02 178.74 217.75 182.78 34.97 0.98 0.03 22.66 23.40 ?0.74 23.40 ?0.74 58.24 40.70 ?17.54
B1 180.80 5.18 175.62 213.85 180.11 33.74 0.69 0.02 22.69 23.80 ?1.12 23.80 ?1.12 58.21 39.40 ?18.81
C1 184.60 4.73 179.87 218.50 183.65 34.85 0.95 0.03 22.71 23.70 ?0.99 23.70 ?0.99 58.09 40.10 ?17.99
D1 183.11 4.85 178.26 218.22 182.09 36.13 1.02 0.03 22.73 23.70 ?0.97 23.80 ?1.07 57.97 39.90 ?18.07
E1 182.66 5.16 177.50 217.17 181.69 35.48 0.97 0.03 22.73 23.70 ?0.97 23.70 ?0.97 58.09 40.20 ?17.89
F1 174.61 4.74 169.87 207.43 174.09 33.34 0.52 0.02 22.76 23.70 ?0.94 23.70 ?0.94 58.13 39.90 ?18.23
G1 175.75 4.61 171.14 210.47 175.04 35.43 0.71 0.02 22.78 23.90 ?1.12 23.90 ?1.12 58.01 38.90 ?19.11
H1 182.43 4.71 177.72 216.28 180.51 35.77 1.92 0.05 22.81 24.00 ?1.20 24.00 ?1.20 58.11 39.30 ?18.81
A2 177.84 4.92 172.92 207.38 174.77 32.61 3.07 0.09 22.78 23.80 ?1.02 23.80 ?1.02 58.16 66.20 8.04
B2 177.80 4.92 172.88 208.04 174.70 33.34 3.10 0.09 22.81 24.00 ?1.20 23.90 ?1.10 58.01 65.00 6.99
C2 177.88 4.87 173.01 208.44 174.73 33.71 3.15 0.09 22.81 24.00 ?1.20 24.00 ?1.20 57.92 64.20 6.28
D2 175.70 4.95 170.75 207.38 172.55 34.83 3.15 0.09 22.81 24.10 ?1.30 24.00 ?1.20 58.14 63.70 5.56
E2 176.14 4.84 171.30 206.80 172.93 33.87 3.21 0.09 22.83 24.00 ?1.17 24.00 ?1.17 58.08 63.20 5.12
F2 185.83 4.63 181.20 217.47 181.85 35.62 3.98 0.11 22.83 23.90 ?1.07 24.00 ?1.17 57.99 62.90 4.91
G2 186.52 4.98 181.54 219.76 182.32 37.44 4.20 0.11 22.81 23.90 ?1.10 24.00 ?1.20 58.26 63.70 5.44
H2 174.99 5.08 169.91 204.68 171.66 33.02 3.33 0.10 22.83 24.10 ?1.27 24.00 ?1.17 58.14 63.10 4.96
A3 200.42 4.79 195.63 217.97 182.87 35.10 17.55 0.50 22.81 23.50 ?0.70 23.40 ?0.59 58.38 89.00 30.62
B3 195.10 4.88 190.22 212.13 178.06 34.07 17.04 0.50 22.83 23.50 ?0.67 23.50 ?0.67 58.26 89.00 30.74
C3 201.53 4.92 196.61 218.35 182.51 35.84 19.02 0.53 22.83 23.20 ?0.37 23.40 ?0.57 58.23 88.70 30.47
D3 201.09 4.94 196.15 218.10 181.60 36.50 19.49 0.53 22.83 23.50 ?0.67 23.40 ?0.57 58.39 88.80 30.41
E3 202.97 4.72 198.25 219.22 182.76 36.46 20.21 0.55 22.85 23.50 ?0.65 23.40 ?0.55 58.17 89.30 31.13
F3 188.15 4.64 183.51 204.11 171.14 32.97 17.01 0.52 22.83 23.30 ?0.47 23.30 ?0.47 58.29 88.20 29.91
G3 196.70 4.54 192.16 212.25 175.67 36.58 21.03 0.57 22.83 23.30 ?0.47 23.30 ?0.47 58.39 89.10 30.71
H3 191.44 5.05 186.39 206.89 172.61 34.28 18.83 0.55 22.85 23.30 ?0.45 23.30 ?0.45 58.39 88.60 30.21
A4 205.75 4.94 200.81 207.16 175.79 31.37 29.96 0.96 22.88 23.70 ?0.82 23.80 ?0.92 58.46 95.00 36.55
B4 204.86 4.69 200.17 206.33 174.31 32.02 30.55 0.95 22.88 24.00 ?1.12 23.90 ?1.02 58.36 95.00 36.64
C4 207.30 4.96 202.34 208.76 175.41 33.35 31.89 0.96 22.90 23.70 ?0.80 23.70 ?0.80 58.37 95.00 36.63
D4 209.51 5.20 204.31 210.95 176.67 34.28 32.84 0.96 22.90 23.70 ?0.80 23.70 ?0.80 58.37 95.00 36.63
E4 207.77 5.14 202.63 209.13 175.37 33.76 32.40 0.96 22.88 23.80 ?0.92 23.70 ?0.82 58.52 95.00 36.48
F4 213.96 5.06 208.90 215.36 181.38 33.98 32.58 0.96 22.90 23.80 ?0.90 23.70 ?0.80 58.40 95.00 36.60





























A1 183.33 5.02 178.31 217.75 182.78 34.97 0.55 0.02 22.73 22.60 0.13 22.80 ?0.07 19.41 28.10 8.69
B1 180.40 5.18 175.22 213.85 180.11 33.74 0.29 0.01 22.76 22.30 0.46 22.50 0.26 19.23 29.35 10.12
C1 184.18 4.73 179.45 218.50 183.65 34.85 0.53 0.02 22.81 22.30 0.50 22.50 0.31 19.27 29.35 10.08
D1 182.78 4.85 177.93 218.22 182.09 36.13 0.69 0.02 22.83 22.20 0.63 22.40 0.43 19.00 29.35 10.35
E1 182.26 5.16 177.10 217.17 181.69 35.48 0.57 0.02 22.85 22.20 0.65 22.40 0.45 19.00 29.35 10.35
F1 174.25 4.74 169.51 207.43 174.09 33.34 0.16 0.00 22.88 22.50 0.38 22.50 0.38 19.07 29.35 10.28
G1 175.35 4.61 170.74 210.47 175.04 35.43 0.31 0.01 22.88 22.20 0.68 22.30 0.58 19.00 29.35 10.35
H1 181.96 4.71 177.25 216.28 180.51 35.77 1.45 0.04 22.88 22.10 0.78 22.20 0.68 19.10 30.60 11.50
A2 177.38 4.92 172.46 207.38 174.77 32.61 2.61 0.08 22.88 22.50 0.38 22.50 0.38 19.07 49.90 30.83
B2 177.34 4.92 172.42 208.04 174.70 33.34 2.64 0.08 22.90 22.20 0.70 22.40 0.50 19.00 50.80 31.80
C2 177.43 4.87 172.56 208.44 174.73 33.71 2.70 0.08 22.90 22.30 0.60 22.40 0.50 18.93 50.80 31.87
D2 175.23 4.95 170.28 207.38 172.55 34.83 2.68 0.08 22.90 22.30 0.60 22.30 0.60 18.97 50.80 31.84
E2 175.65 4.84 170.81 206.80 172.93 33.87 2.72 0.08 22.93 22.30 0.63 22.30 0.63 18.72 50.80 32.08
F2 185.34 4.63 180.71 217.47 181.85 35.62 3.49 0.10 22.93 22.10 0.82 22.30 0.63 19.07 50.80 31.73
G2 185.95 4.98 180.97 219.76 182.32 37.44 3.63 0.10 22.93 22.20 0.73 22.30 0.63 18.83 50.80 31.97
H2 174.49 5.08 169.41 204.68 171.66 33.02 2.83 0.09 22.93 22.20 0.73 22.30 0.63 19.07 51.70 32.63
A3 198.63 4.79 193.84 217.97 182.87 35.10 15.76 0.45 22.95 21.50 1.45 21.80 1.15 19.14 75.40 56.26
B3 193.38 4.88 188.50 212.13 178.06 34.07 15.32 0.45 22.93 21.60 1.33 21.80 1.13 19.14 76.55 57.41
C3 199.83 4.92 194.91 218.35 182.51 35.84 17.32 0.48 22.95 21.50 1.45 21.70 1.25 19.11 76.55 57.44
D3 199.33 4.94 194.39 218.10 181.60 36.50 17.73 0.49 22.93 21.40 1.53 21.60 1.33 19.00 76.55 57.55
E3 201.26 4.72 196.54 219.22 182.76 36.46 18.50 0.51 22.95 21.50 1.45 21.70 1.25 19.18 76.55 57.37
F3 186.46 4.64 181.82 204.11 171.14 32.97 15.32 0.46 22.95 21.60 1.35 21.70 1.25 19.14 76.55 57.41
G3 195.06 4.54 190.52 212.25 175.67 36.58 19.39 0.53 22.93 21.50 1.43 21.60 1.33 19.07 76.55 57.48
H3 189.70 5.05 184.65 206.89 172.61 34.28 17.09 0.50 22.93 21.60 1.33 21.70 1.23 19.35 77.70 58.35
A4 205.47 4.94 200.53 207.16 175.79 31.37 29.68 0.95 22.93 22.30 0.63 22.70 0.23 19.21 95.00 75.79
B4 204.59 4.69 199.90 206.33 174.31 32.02 30.28 0.95 22.90 22.60 0.30 22.60 0.30 19.76 95.00 75.24
C4 207.03 4.96 202.07 208.76 175.41 33.35 31.62 0.95 22.90 22.60 0.30 22.60 0.30 19.45 95.00 75.55
D4 209.28 5.20 204.08 210.95 176.67 34.28 32.61 0.95 22.93 22.10 0.82 22.50 0.43 19.28 95.00 75.72
E4 207.55 5.14 202.41 209.13 175.37 33.76 32.18 0.95 22.93 22.30 0.63 22.50 0.43 19.49 95.00 75.51
F4 213.69 5.06 208.63 215.36 181.38 33.98 32.31 0.95 22.93 22.30 0.63 22.50 0.43 19.21 95.00 75.79
G4 215.01 4.70 210.31 216.71 179.99 36.72 35.02 0.95 22.90 22.30 0.60 22.50 0.40 19.35 95.00 75.65






























A1 183.03 217.75 182.78 34.97 0.25 0.01 21.06 21.00 0.06 21.30 ?0.24 25.46 34.20 8.74
B1 180.11 213.85 180.11 33.74 0.00 0.00 21.06 21.00 0.06 21.20 ?0.14 25.39 36.40 11.01
C1 183.90 218.50 183.65 34.85 0.25 0.01 21.06 21.20 ?0.14 21.40 ?0.34 25.49 36.40 10.91
D1 182.39 218.22 182.09 36.13 0.30 0.01 21.08 21.20 ?0.12 21.30 ?0.22 25.53 36.40 10.87
E1 181.98 217.17 181.69 35.48 0.29 0.01 21.08 21.10 ?0.02 21.30 ?0.22 25.49 36.40 10.91
F1 174.24 207.43 174.09 33.34 0.15 0.00 21.08 21.30 ?0.22 21.30 ?0.22 25.39 36.40 11.01
G1 175.20 210.47 175.04 35.43 0.16 0.00 21.08 21.30 ?0.22 21.30 ?0.22 25.39 36.40 11.01
H1 181.72 216.28 180.51 35.77 1.21 0.03 21.10 20.90 0.20 21.10 0.00 25.46 38.60 13.14
A2 177.10 207.38 174.77 32.61 2.33 0.07 21.10 21.40 ?0.30 21.40 ?0.30 25.53 56.30 30.77
B2 177.06 208.04 174.70 33.34 2.36 0.07 21.10 21.00 0.10 21.30 ?0.20 25.60 58.65 33.05
C2 177.13 208.44 174.73 33.71 2.40 0.07 21.13 21.10 0.03 21.30 ?0.17 25.74 58.65 32.92
D2 174.85 207.38 172.55 34.83 2.30 0.07 21.13 20.80 0.33 21.10 0.03 25.74 58.65 32.92
E2 175.31 206.80 172.93 33.87 2.38 0.07 21.13 21.00 0.13 21.20 ?0.07 25.67 58.65 32.98
F2 185.03 217.47 181.85 35.62 3.18 0.09 21.13 21.00 0.13 21.10 0.03 25.60 58.65 33.05
G2 185.57 219.76 182.32 37.44 3.25 0.09 21.15 20.80 0.35 21.00 0.15 25.60 58.65 33.05
H2 174.18 204.68 171.66 33.02 2.52 0.08 21.15 20.80 0.35 21.00 0.15 25.60 61.00 35.40
A3 196.89 217.97 182.87 35.10 14.02 0.40 21.15 20.50 0.65 20.70 0.45 25.67 80.30 54.63
B3 191.68 212.13 178.06 34.07 13.62 0.40 21.15 20.30 0.85 20.50 0.65 25.67 80.05 54.38
C3 198.25 218.35 182.51 35.84 15.74 0.44 21.18 20.10 1.08 20.50 0.68 25.74 80.05 54.31
D3 197.93 218.10 181.60 36.50 16.33 0.45 21.22 20.80 0.42 20.80 0.42 26.08 80.05 53.97
E3 199.74 219.22 182.76 36.46 16.98 0.47 21.20 20.30 0.90 20.40 0.80 26.08 80.05 53.97
F3 184.91 204.11 171.14 32.97 13.77 0.42 21.22 20.30 0.92 20.40 0.82 26.01 80.05 54.04
G3 193.69 212.25 175.67 36.58 18.02 0.49 21.22 20.10 1.12 20.30 0.92 26.01 80.05 54.04
H3 188.19 206.89 172.61 34.28 15.58 0.45 21.22 20.10 1.12 20.30 0.92 26.11 79.80 53.69
A4 205.13 207.16 175.79 31.37 29.34 0.94 21.25 21.60 ?0.35 21.80 ?0.55 26.56 92.00 65.45
B4 204.28 206.33 174.31 32.02 29.97 0.94 21.25 21.30 ?0.05 21.40 ?0.15 26.49 92.00 65.51
C4 206.70 208.76 175.41 33.35 31.29 0.94 21.27 21.10 0.17 21.40 ?0.13 26.56 92.00 65.44
D4 208.96 210.95 176.67 34.28 32.29 0.94 21.27 20.80 0.47 21.00 0.27 26.39 92.00 65.61
E4 207.21 209.13 175.37 33.76 31.84 0.94 21.27 20.90 0.37 21.10 0.17 26.35 92.00 65.65
F4 213.37 215.36 181.38 33.98 31.99 0.94 21.27 20.80 0.47 21.00 0.27 26.56 92.00 65.44
G4 214.67 216.71 179.99 36.72 34.68 0.94 21.27 20.80 0.47 20.80 0.47 26.63 92.00 65.38
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Soluble salts, 2, 18, 38 
Sorption isotherms, 13 
Spectral induced polarization, 30 
Sub‐florescence, 18 
Supersaturation, 1, 12 
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U 
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